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1. INTRODUCTION

On the 26 of April, 1986, a major accident occurred at the fourth reactor of the
Chernobyl nuclear power plant, in Ukraine. Soon after the accident, on May 1*, the
radioactive cloud reached Romania. The meteorological conditions (rainy weather) lead to
important fallout over our country. The most important radionuclides carried by the
radioactive plume over Romania were I131, Cs134, Cs1 and Sr90. As in many other countries,
in the first days, I1 l had the main contribution to the irradiation dose released to the
population. After its decay, and the decay of the other short-lived radionuclides, Cs137 and
Sr remained the most important contaminants.

The principal route of intake for these two radionuclides is considered to be the
ingestion of contaminated foods. Assessments of radiation doses to people living in the
Bucharest area (south-east of Romania - the area studied in this paper) have utilized data
obtained from measurement of Cs1 and Sr content in dietary intake samples for a number
of subjects of different ages and sexes.

This paper summarizes the results of some of our measurements performed in the
Bucharest area, since April 1986 until March 1995.

2. MATERIALS AND METHODS

All the samples were prelevated since April 1986 until March 1995, during nine years
after the Chernobyl accident, in the Bucharest area.

The first population group, selected for this study, was a group of adult men, aged
between 25 and 40 years, without any health problems, hard laborers. The food samples were
prelevated from the cafeteria of the factory, where their were all taking their meals.

A second group of study consisted in children, separated in three age subgroups: 4-6
years old, 7-9 years old and 10-12 years old. These children were living in the kindergartens
and schools hostels. The data were then compared with similar data from the adult women
working as teachers and educators at the same schools, and taking their meals together with
the children. The food samples were prelevated from cafeterias of the schools.

In all samples, radiocesium (Cs137 and Cs134) was radiochemically separated using the
hexachloroplatinic acid method [1] and Sr was separated using the fuming nitric acid

method [21. Eventually, Sr90 content was measured by his daughter product, Y90. In both
cases (Cs1 7 and Sr90), the radiometric measurements were performed with a low-level
anticoincidence beta counting system, with high efficiency.

3. RESULTS AND DISCUSSION

3.1. C s m dietary intake

3.1.1. Cs137 dietary intake data for adults

During the nine years of our study, the quantity of Cs137 ingested by the population
from Bucharest varied a lot from one year to another. As expected, the Cs intake had the
highest value in the first year after the accident The peak of the Cs137 intake was reached in
May 1986, when the average daily ingested quantity was 408.5 Bq. Beyond this date, the
ingested quantity of Cs137 is continuously decreasing, until October 1986, when a new peak
occurs in the intake plot (Fig. 1). This new increase was an artificial fact, due to some local
conditions, and was presented in previous papers [3, 4]. Beginning with October 1986, the
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quantity of Cs intake by diet was continuously decreasing. However, a very small peak
occurs again, at about 700 days after the accident (Fig. 1). This is possible to be due to Cs137

migration in soil [3]. The continuous (and fast) decrease of Cs13 intake lead to an average
daily value of 0.102 Bq in March 1995.

3.1.2. Cesium-137 dietary intake data for children

During 19S6 - 1995, we have selected four time periods in which we have studied the
dietary intake of Cs137 at children, for three age groups: 4-6 years, 7-9 years and 10-12 years.
In order to make a comparison, we have also studied a group of women, with ages between
24 and 49 years.

The first period was September 1986 - December 1987. From the point of vue of the
ingestion and excretion processes, this was the most complex period. During this period, an
intake peak occurred in October 1986 at all the age groups, including the women (Fig. 2).
This is probably due to the same reasons presented as for adults. After this date, Cs dietary
intake is continuously decreasing, but the slope of the decrease is age-dependent

During the next three periods (May 1988 - August 1989, January 1991 - December
1991 and April 1994 - March 1995), Cs intake decreased at all age groups. In the ninth
year after the accident, the average Cs 37 intake by children was 0.046 Bq/(gK.day).

Fig. 2: Cs«-137 dietary intake for children of different ages,
during Sept 1986 - Dec. 1987
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3.2. Sr dietary intake

Ofi

3.2.1. Sr dietary intake data for adtdts

The study effectuated after the Chernobyl accident lead to the conclusions that there
was a continuous Sr90 dietary intake, in different amounts. As it can be seen from Fig. 3, there
is a strong variation of Sr90 intake during April 1986 - March 1995. To begin with May 1986,
Sr dietary intake increased continuously, until it reached 1.48 Bq/(gCa.day) in October 1986
(Fig. 3). Sr90 intake remains at high values until April 1987, then it decreases continuously.
The highest value of Sr90 intake occurred in the first year after the accident, when an average
daily value of 1.07 Bq/gCa was reached. That value decreased to an average daily value of
0.36 Bq/gCa in the fifth year, then to 0.086 Bq/gCa in the ninth year after the
accident
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903.2.2. Sr dietary intake data for children

90
During 1986 - 1994, we have selected three time periods in which we have studied

Srw dietary intake for three groups of children: 4-6 years children, 7-9 years children and 10
-12 years children, fai order to have a comparison with the adults, we have performed the
same measurements for a group of adult women.
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Fig. 4: Sr-90 intake in children, during Sept 86 - Dec. 88
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The first interval of study was September 1986 - September 1988. During this time,
Sr90 dietary intake was studied for a group of 4-6 years children and for the group of adult
women (Fig. 4). The maximum Sr90 intake in children was 1.198 Bq/(gCa.day), reached in
October 1986 (Fig. 4). Sr90 dietary intake in 4-6 years children remained at values higher than
1 Bq/(gCa.day) until March 1987, then decreased quite fast, and reached 0.326 Bq/(gCa.day)
in September 1988. During the same interval, Sr intake in adult women had constantly
higher values than the values measured for children. Therefore, the average Sr intake during
this period was 0.927 Bq/(gCa.day) for adult women, while the average for children was
0.614 Bq/(gCa.day).

The second period of study was January 1991 - December 1991. During this interval
we have determined Sr90 intake for 3 groups of children (4-6 years, 7-9 years, and 10-12
years), and a group of adult women (Fig. 5). The amount of ingested Sr decreased a lot,
compared to the first period of study. The average amount of ingested Sr , in this period, by
the children, has values between 0.182 Bq/(gCa.day) and 0.218 Bq/(gCa.day) - depending of
the age of the children - while the average Sr daily intake in women was 0.269
Bq/(gCa.day).

The last period of study - since January 1993 until December 1994 - included
measurements of Sr90 dietary intake for two children groups - 4-6 years and 10-12 years - and
a group of adult women. This period is characterized by low values of Sr dietary intake. The

average amount of ingested Sr90 for this period was 0.073 Bq/(gCa.day) for 4-6 years children
and 0.102 Bq/(gCa.day) for 10-12 years children.

4. EFFECTIVE DOSES COMMITTED DUE TO Cs137 AND Sr90 DIETARY INTAKE

To asses the effective doses committed by the population of Bucharest, we used the
data from our measurements and of the dose factors recommended by ICRP 30 Part 1 [5], and
ICRP67[6].

The effective doses committed annually due to internally deposited Cs , by the adult
population of Bucharest, are presented in Fig. 6, compared to the doses committed due to Sr90

internally deposited. As it can be seen, in the first year after the accident, Cs dietary intake
lead to an effective dose commitment of 801.9 uSv. This value decreased quite fast, as the
amount of Cs137 intake decreased, and reached 7.3 uSv five years after the accident, then 0.8
uSv in the ninth year after the accident. The effective dose committed by adults in all these
nine years after the accident had a value of 1079.6 uSv.
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Fig. 6: Effective doses committed by adults due to Cs-137 and Sr-90
intake
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Fig. 7: Effective doses committed by children,
due to Cs-137 intake
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Although the trend of the doses committed by children due to Cs137 intake is the same
as the trend of the doses committed by the adults, the values are quite different (Fig. 7). As it
can be seen, the value of the committed effective dose increases as the age increases. For
example, during September 1986 - December 1987, the effective doses committed due to
internally deposited Cs were 75.4 uSv at 4-6 years children, 115 uSv at 7-9 years children
and 192.4 joSv at 10-12 years children, while the effective dose committed during the same
time by adult women was 601.9 nSv. This is due both to different Cs137 dietary intake, as to
different dose factors. The doses are decreasing fast, for all age groups, as the time goes by.

Whereas the doses committed by children due to Cs intake are lower than the doses
committed by adults, the effective doses committed by children due to Sr90 intake are
comparable to the doses delivered to adults (Fig. 8). The effective doses committed annually
are decreasing as the time from the accident elapses, for all age groups. For example, the
effective doses committed by 4-6 years children decreased from 14.713 uSv (to red marrow,
respectively 8.719 uSv to bone surface), during September 1986 - September 1988, to 8.719
jiSv (to red marrow, respectively 0.871 uSv to bone surface), during 1994 and 1995, while
the effective doses committed by adult women decreased from 14.295 uSv (to red marrow,
respectively 8.140 uSv to bone surface), during September 1986 - September 1988, to 1.935
uSv (to red marrow, respectively 1.102 uSv to bone surface), during 1993 and 1994.
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Fig. 8: Effective dcses committed by children,
due to Sr-90 intake
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5. CANCER RISK DUE TO INTERNALLY DEPOSITED Cs137 AND Sr90

The assessment of excedentary cancer risk was made using WHO risk factors, as well
as prediction models presented in NCRP Report 110 [7]. It should be stated that, in all cases,
the risk estimate must be taken with great caution, as the models and the risk used are not
based on a very well fundamented theory, and experimental data (especially for Sr j are not
available to a very large extent It must also be stated that we have made some
approximations when we have computed the collective doses. These approximations refer to
the data we used. As we had not enough data concerning the age distribution of the
inhabitants of Bucharest, we have calculated the collective doses making use of the doses
delivered to adults. This leads to very low errors when we estimate the risk due to Sr
(because the doses delivered to children and adults are comparable), but it also leads to an
over-estimate of the risk due to Cs137 (as the doses delivered to children are smaller than the
doses delivered to adults). Another assumption have also been made: we have considered that
the dietary habits are the same all over Bucharest, this assumption allowing us to extend the
data compiled for the group we have studied to the entire population of Bucharest We have
considered the number of Bucharest inhabitants as 2,500,000.

5.1. Assessment of excedentary cancer risk due to Cs'137

137For fatal cancers induced by radiation doses due to internally deposited Cs , WHO
recommends a risk factor of 2 x 10" Sv (e.g. if 100 persons received 1 Sv of dose, a lifetime
expectation of 2 fatal cancers is predicted).

In our case, the collective effective dose committed for the next 50 years by the entire
population of Bucharest is 2699 person Sv. As we have already said, this is a rough value
which overestimates the collective dose delivered to the population of Bucharest This value
leads us to a prediction of maximum 54 excedentary cancers in the next 50 years to follow.
However, as the doses delivered to children were much smaller than the doses delivered to
adults (the dose delivered to 4-6 years children is almost 7 times smaller than the dose
delivered to adult women), we believe that an estimate of maximum 20 excedentary cancers
in the next 50 years would be a much more reasonable estimate (from the incomplete data we
have, it seems that there is a parity among the number of children and the number of adults in
Bucharest).
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5.2. A ssassraent of excedentary cancer risk due to Sr

5.2.1. Bone sarcoma

The model we used is the linear model given in NCRP 110 [7]. This leads us to an
maximum excedentaty number of bone sarcomas, for the next 50 years, of 3 cases, while the
best estimate is 0 excedentary cases.

Therefore, we should not expect an increased number of bone sarcomas due to
internally deposited strontium.

5.2.2. Leukaemiae

Using the linear model from NCRP 110 [7], we can predict 0 excedentary
leukaemiae, which means we should not expect an increased number of leukemiae due to
internally deposited strontium.

It is worth telling mat the quadratic exponential model would lead to estimates 1000
times less than the linear models used.

6. CONCLUSIONS

In the first years after the accident, Cs contribution to the effective dose committed
that year was much larger than Sr90 contribution (802 uSv due to Cs137, in the first year after
the accident, compared to 12.7 uSv - bone surface and red marrow - due to Sr90). This
situation changed in time, as the decrease of Cs intake was much faster then the decrease of
Sr90 intake. Therefore, in the seventh year after the accident, their contributions to the
effective dose committed that year were roughly equal (2.6 uSv due to Cs137 and 2.3 uSv due
to S r ) , and in the ninth year Sr contribution is larger.

The values obtained for the doses committed during all these years were used to asses
the excedentary cancer risk due to internally deposited Cs137 and Sr90. The evaluation
indicates that we should not fear an increased number of leukemiae and bone sarcomas in the
next 50 years. However, an excedentary number of maximum 20 excedentary cancers due to
internally deposited cesium, in the next 50 years, resulted from the risk factors recommended
by WHO. We must emphasize again that this does not mean that these cancers will actually
occur. Furthermore, this number does not exceed the statistical variation of naturally
occurring cancers, therefore such a number of excedentary cancers probably cannot be
detected.
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